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Abstract 
This paper presents a model simulation of the electric power exchange and the electricity bill for four case-study buildings where 
three buildings have photovoltaic systems.  The data for power demand and power supply which is produce from the photovoltaic 
system in each building were collected at the School of Renewable Energy Technology (SERT), Naresuan University, Thailand.  
The data for the power demand were then converted to the load profile curves and calculated for the photovoltaic performance 
from the solar radiation data.  Building load balancing algorithm was developed from the simulation model with the data from 
load profiles and photovoltaic performances. The results from the overall load balancing algorithm were reported as the net 
metering and the power status of each building. The load balancing algorithm focused on the initial exchange of power between 
each building.  Then, if higher power demand is required, the power would be from the external source such as the existing utility 
grid or another building. The result of simulation for four case-study building indicated that under the load balancing algorithm 
criteria, the buildings could sell 44% (261.99 baht/day) of its power from the photovoltaic system to another building while 
purchasing 56% (337.92 baht/day) power from the existing utility grid.  In the future, this power exchange algorithm could be 
applied for energy saving and energy efficiency improvement to the homes, buildings, and offices. 
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1. Introduction 
Nowadays, energy has been increasingly utilized in a variety of ways, but on the other hand, fossil energy has 
been gradually reducing. This is a serious problem for not only in Thailand but for the whole world.  Therefore, in 
the future, energy generation will rely more on the renewables. The renewable energy utilization in the future will be 
changed from centralized power plant to distributed generation [1]-[3] and the smart grid consists of advanced 
information technologies and real-time communication to enhance the power system’s operations during power 
exchanges between new technologies of renewable generation, advance energy storage system and the demand 
response interactive management [4,5]. Therefore, the homes, buildings, and offices will be both the energy 
consumers (demand source) as well as the energy producers (supply source).  With this concept, a system must be 
developed for connecting and exchanging power between different buyer (energy consumer) and seller (energy 
producer) to achieve high efficiency and best economic value.  If the electricity produced from one building is not 
enough, the electricity could be transferred from the other connected supply sources, such as homes, buildings, 
offices or existing power grid.   
At present, the normal electric bills do not report the source of electricity, whether it is from the renewable 
energy or local electrical utility network.  Knowing the source of the electricity is beneficial for the power 
purchasing planning and the power management in the building.  This research will demonstrate the algorithm for 
reporting the source of power generation, the power status of the building and the electric bill for each building as 
well as the overview of the power management for the four case-study buildings.   
2. Materials and methods 
In this work, four buildings at School of Renewable Energy Technology (SERT), Naresuan University, Thailand 
were the case-study buildings for the modeling of the power exchange and payment between renewable energy and 
electric utility network.  Three buildings were installed with photovoltaic systems while one building did not have 
PV systems.  All buildings are connected and also used power from the local utility network.  Figure 1 display the 
line diagram of the 4 building connection to the main utility grid network.  The building name, power demand and 
power producing capacity are indicated in Table 1. All buildings are currently used as office and seminar buildings. 
 
Table 1. Building Power Demand and Producing Capacity 
Building name 
Peak 
Demand 
(kW) 
PV 
installed 
PV 
Capacity 
(kW) 
Service & Seminar 17 Yes 6 
High temp 10 No - 
10 kW PV 3 Yes 10 
Testing 19 Yes 9 
 
Fig. 1 Building Schematic electric line diagram at SERT 
 
 
The power demand data of each building were collected and converted to the electricity load profile.  The solar 
radiation data were collected and used to calculate the photovoltaic performance. The algorithm for the balancing 
simulation model depends on load profiles and photovoltaic performance to calculate the net metering of each 
building; power exchange between building and the overall system; and the source of power. 
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2.1 Load profile calculation 
 
The power analyzer was installed adjacent to the electricity meters at the buildings. The power demand of each 
building was recorded every 5 minutes by the power analyzer. The collected data were used to create the load profile 
curves and calculate the total energy demand per day. The average power demand (Pmean) was calculated based on 
the total power demand for the entire day.  E is the total energy for one day and T is the total unit time calculated per 
day [6]. 
  
E = ³
T
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0
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2.2 Photovoltaic performance simulation 
 
The photovoltaic performance is simulated by using the data from solar radiation.  Solar radiation values are 
collected every 5 minutes (at the same time of power demand).  Total plane of array irradiance in kWh/m2 was 
calculated base on meteorological data from SERT.  Parameters describing of the PV System and its components 
have been established by the International Energy Agency (IEA) Photovoltaic Power Systems TASK 2 [7]-[9] and 
followed the IEC Standard 61724 [10].  Reference Yield (Yr), Array Yield (Ya) and Final Yield ( fY ) were the 
performance parameters of IEC standard 61724 used in this paper and the calculating equations for these parameters 
are stated below. 
 
2.2.1. Reference Yield ( rY ) is the total in-plane irradiance. 
    
STCTr GHY /     (3) 
Where 
TH   = Mean daily irradiance in array plan (kWh/m2.d) 
STCG  = Reference irradiance at STC (1 kW/m2) 
 
2.2.2. Array Yield ( aY ) is array net DC energy output. 
 
Oaa PEY /     (4) 
Where 
OP  = Peak Power (Wp) 
aE  = Array output energy (kWh) 
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2.2.3. Final Yield ( fY )  is the net energy output. 
 
    OPVf PEY /                                           (5) 
Where 
PVE  = Energy to Grid (kWh) 
 
2.3 Building load balancing algorithm 
 
Load balancing algorithm is the method for calculating the net metering and the power status of each building 
(Fig. 2).  The load profiles and the photovoltaic performance simulation are used in the load balancing algorithm. In 
this paper, the status of each building is divided into 3 modes, which are demand, supply and island mode.  For 
example, if the power from Photovoltaic system is more than power demand (balanced every 5 minutes), the status 
of this building will be shown as the electrical supply mode (plus value). This means that the electricity can be 
supplied to the outside grid. On the other hand, if the power from Photovoltaic system is less than the power 
demand, the status of this building will be shown as the electrical demand mode (minus value).  If the power from 
the photovoltaic system is equal to the power demand, the status of the building will be island mode. After the 
balancing is completed, the algorithms will report the status and net metering of each building. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Block diagram of the building load balancing algorithm 
 
2.4 Overall load balancing algorithm 
 
The overall load balancing algorithm flow chart is shown in Figure 3.  For this algorithm, the load balancing 
algorithm from each building will be analyzed and processed.  In the case which the building was shown as demand 
mode, the supply power may come from another building or existing utility grid.  The algorithm will checked the 
status and net metering from nearby building first. If the status from nearby building was shown as the supply mode 
and the net metering value was enough for the building demand. The algorithms will report that the electricity was 
from another building.  In another case, if the status from nearby building was shown as supply mode and net 
metering value was not enough to supply to the building demand, the algorithm will show that the source of power 
was from another building and the electrical utility network. 
In the overall algorithm, after finish the building load balancing algorithm, each building should have 
simultaneously indicate different power status and net metering values.  From different values, the overall load 
balancing will be calculated every 5 minutes and generated report of the power status and net metering value of all 
building in SERT (Fig. 4). 
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Fig. 3 Flowchart diagram of the overall load balancing algorithm 
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Fig. 4 Block diagram of the overall load balancing algorithm 
 
2.5 Electricity price calculation 
 
In this paper, it was assumed that the buildings are both sellers and buyers.  The electricity can be sold from the 
owner of the building to another building and to the existing utility network.  From the balancing algorithm, the 
demand, supply, and net metering units were calculated to the net present value price of electricity by multiply by 3 
baht per unit. The final value of net metering is separate into two categories, which are plus and minus value. When 
the total net metering is shown as plus value, the building will be receiving payment from another building or 
Electricity Generating Authority of Thailand (EGAT). On the other hand, when the total net metering is shown as 
minus value, the building will be making payment to another building or EGAT.  
3.  Results and discussion  
The data for the 4 buildings were collected from 0:00 to 23:55 hr.  Then the load profiles and photovoltaic 
performance were generated and the building load balancing algorithm was calculated every 5 minutes for the net 
metering in each building.  The buildings can be categorized as demand mode, supply mode, and demand/supply 
mode. The last overall load balancing algorithm will calculate the overall net metering and the overall electric price 
for the buildings. 
For the demand mode category, the electricity used in the “High Temp” building is only from the utility grid, 
because this building does not have the photovoltaic system.  The status of the building is always shown as the 
demand mode.  Figure 5 showed the load profile for the High Temp building.  The power demand started around 
9:30 hr and then reduced during mid day.  The electrical consumption increased again around 13:30 hr and finally 
stop at 20:00 hr.  The net metering of High temp building is the load profile of the building, because the building 
does not have the photovoltaic system. 
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 Fig. 5 Load profiles of High temp building  Fig. 6 Photovoltaic performance curve of Service & Seminar building 
 
For the supply mode category, the “Service & Seminar” building was able to produced power from the 
photovoltaic system and able to supply power to other building for the entire day (Fig. 6).  The status of the building 
is always shown as supply mode.  The Service & Seminar building is normally used during organized events such as 
conferences and seminars at SERT. When there are no such events, the load profiles of this building will be shown 
as zero units because all electrical devices such as air condition, projector, microphone and lighting are switched off.  
The net metering was also the same as the power produced from photovoltaic system.  
For the demand/supply mode category, the building will have power demand as well as producing electricity 
from the photovoltaic system.  The status of the building was shown in the demand or supply mode depended on the 
net metering which is calculated from the balancing algorithm.  Figure 7 and 8 displayed the load profiles (demand) 
and the photovoltaic performance (supply) of the “Testing” and the “10 kW PV” building, respectively. 
 
  
Fig. 7 Load profiles and photovoltaic performance of Testing building 
 
Fig. 8 Load profiles and photovoltaic performance of 10 kW PV 
building 
 
The Testing and 10 kW PV building used power from the existing utility grid during 00:00 – 06:00 hr because 
there is no solar radiation.  Then from 07:00 – 18:00 hr, the buildings can produce the electrical power from 
photovoltaic system and consume power, simultaneously.  The net metering for these building is calculated from the 
power demand and photovoltaic performance.  The unit of load, power production, net metering, and power status of 
each building are very different from each other. The net metering and power status of building was calculated by 
load balancing system algorithm. Figure 9 and 10 shown the net metering curve for Testing and 10 kW PV building, 
respectively. 
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Fig. 9 Net metering curve of the Testing building Fig. 10 Net metering curve of 10 kW PV building 
 
Most of the time, the electricity used in the Testing building came from the utility grid, because the power 
demand of this building is greater than the power produced from Photovoltaic.  From 07:00 to 08:00 hr, the Testing 
building can provide power to other building at approximately 3 kW peak, while the peak of power demand is about 
15 kW at approximately 16:00 hr (Fig.9).  
The net metering of 10 kW PV building is very difference from Testing building. During the day time, the 10 
kW PV building can supply power to the other buildings, because the power demand for this building is less than the 
power produced from Photovoltaic. The peak power produced was about 7.5 kW at approximately 12:00 – 13:00 hr 
(Fig. 10).  However, during 00:00 to 06:00 hr and 19:00 – 23:59 hr, the power is from external sources because of 
lack of solar radiation. 
 
  Table 2. Overall load balancing between Testing and 10 kW PV building 
Building 
name 
Total 
demand 
(kWh) 
Total 
supply 
(kWh) 
Net 
metering 
(kWh) 
From 
another 
building 
(kWh) 
From 
EGAT 
(kWh) 
Testing -123.27 +1.40 -121.87 
-46.53 
(from 10 
kW PV 
Building) 
-75.34 
10 kW 
PV -4.2 +50.73 +46.53 - - 
 
Remark: The minus value means the building is using the power from EGAT or another building.  The plus value indicates the building is 
supplying power to EGAT or another building. 
 
As the result, the net metering was able to reveal the power status of each building, but it could not report the 
source of electricity. Therefore, the overall load balancing system algorithm was used to analyze the power source 
used in each building.  Table 2 indicated the results from the overall load balancing units between the Testing and 
10 kW PV building.  The Testing building consumed external power at 123.27 kWh and produced power for supply 
to the outside at 1.40 kWh. The net metering indicated that the power demand at 121.87 kWh is needed from outside 
sources.  However, in the case of 10 kW PV building, the net metering indicated that power can be supplied to the 
outside at 46.53 kWh.  The power line of 10 kW PV building is connected to the Testing building (Fig. 1), hence, 10 
kW PV building can supply power to Testing building at 46.53 kWh.  The rest of the power demand for the Testing 
building is from EGAT at 75.34 kWh.  Figure 11 displayed the net metering after the 10 kW PV building power was 
exchanged to the Testing building.  During the night time from 00:00 – 06:30 hr, the power source is from the 
existing utility grid, because of no solar radiation.  Then, from 06:30 – 09:30 hr, the net metering from both building 
can supply the power to the existing utility grid for about 6 kW peak (supply to Service & Seminar and High Temp 
building side) after the power exchange between buildings (also at the same time for both building previously). 
From 09:30– 23:59 hr, both buildings needed power from existing utility grid, because the power consumption of 
Testing building is more than the power produce from photovoltaic of 10 kW PV building. The peak of demand is 
about 12 kW peak at approximately 16:00 hr. 
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                        Table 3. The Overall load balancing between Service & Seminar and High Temp building 
Building 
name 
Total 
demand 
(kWh) 
Total 
supply 
(kWh) 
Net 
metering 
(kWh) 
From 
Building 
(kWh) 
From 
EGAT 
(kWh) 
Service 
& 
Seminar 
- +40.80 +40.80 - - 
High 
Temp -78.10 - -78.10 
-40.80 
(from 
Service 
& 
Seminar) 
-37.30 
Table 3 displayed the overall load balancing between the Service & Seminar building and the High Temp 
building.  The net metering results indicated (minus value) that the power for the High Temp building should come 
from external source of 78.10 kWh.  Nonetheless, the Service & Seminar building can provide power of 40.80 kWh 
to the outside because the indicated results showed plus value.  Due to the fact that the power line from Service & 
Seminar building is connected to the High Temp building (Fig. 1), Service & Seminar building can supply power to 
High Temp building at 40.80 kWh and the remaining power demand of 37.30 kWh is from EGAT.  Figure 12 
showed the net metering after the power exchange between Service & Seminar building and High Temp building. In 
the morning from 06:30 – 09:30 hr, the net metering from both building can supply power to the existing utility grid 
of 4 kW peak after the power exchange between buildings (supply to High temp building and Service & Seminar 
building side). Then, from 10:00 – 20:00 hr, both buildings needed power from the existing utility grid, because the 
power consumption of High Temp building is higher than the power produced by the Service & Seminar building. 
The peak of demand of about 8 kW occurred at 16:30 hr.  
  
Fig. 11 Net metering after 10 kW PV building exchange power to 
Testing building 
Fig. 12 Net metering after High temp building exchange power to 
Service & Seminar building 
 
From 06:30 – 09:30 hr (Fig. 11 and 12), SERT can supply power to existing utility grid about 10 kW peak 
because the status of the both sides (one side from 10 kW PV building exchange power to Testing building about 6 
kW peak and another from High temp building exchange power to Service & Seminar building about 4 kW peak) 
are shown as supply mode at the same time. 
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Fig. 13 The ratio of demand and supply of each building 
 
From the Figure 13, when evaluating the overall demand and supply of the four case study building, the results 
indicated that the power consumption for the Testing building is higher than the other buildings. The second is the 
High Temp building. The 10 kW PV and Service & seminar buildings are producing power for their own 
consumption and supplying power to other buildings as well. In order for SERT to be energy efficient, SERT must 
reduce the power consumption from Testing and High Temp buildings.  
 
 
Fig. 14 The ratio of total demand and supply of buidling at SERT 
 
The ratios of total demand and supply for all of building at SERT are shown in Figure 14.  The total energy 
consumption per day is 69% (205.57 kWh) and total power produce from photovoltaic system is 31% (92.93 kWh). 
The total energy consumption is more than three time of power produced.  The electricity profile for the overall 
building systems at SERT is shown in Figure 15 and the overall net metering is shown in Figure 16.  From the 
results, during the time of 00:00 – 07:00 hr, the power of all building is from the existing utility grid because lack of 
solar radiation.  Subsequently, during 07:00 – 10:00 hr, there are enough power produced from the photovoltaic 
systems to supply the SERT buildings and able to supply power to external load outside of SERT.  Then during 
10:00 to 18:00 hr, the total power consumption is greater than the power produced.  For Thailand, the temperature in 
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the afternoon is quite high. Therefore, air conditioners are always used which are the main power consumption 
devices. The peak power demand is about 20 kW at 16:00 hr. Then without solar radiation from 18:00 to 23:59 hr, 
the power source should be from the existing utility grid (EGAT).  The results of the power consumption in the 
afternoon indicated that SERT can achieve net metering balance equal to zero units if 20 kW peak photovoltaic 
system was installed (Fig. 16). 
 
  
Fig. 15 The total power demand and supply at SERT Fig. 16 The total net metering at SERT 
 
                                             Table 4.  The summary of electric price calculation 
Building 
name 
Spend 
money to 
another 
building 
(baht) 
Building 
name 
Spend 
money to 
EGAT 
(baht) 
Total net 
present 
value 
(baht) 
Testing 139.59 10 kW PV 226.02 365.61 
High temp 122.40 Service & Seminar 111.90 234.30 
 
Remark: Net metering costs is 3 baht for 1 kWh electricity 
 
From the net metering, the electric prices for each building were calculated by electric price calculation 
algorithm combine with the status of the building that is shown in Table 2 and 3.  Table 4 showed that the Testing 
building paid the 10 kW PV building 139.59 baht and EGAT 226.02 baht. The total of net present value in the 
Testing building is 365.61 baht. In addition, the High temp building paid Service & Seminar building 122.40 baht 
and EGAT 111.90 baht.  As the results, the 10 kW PV and Service & Seminar building did not receive payment 
from EGAT, but both buildings receive payment from the nearby building.  Figure 17 summarized the ratio of the 
payment to the other building in SERT and to EGAT. The building can sell power from photovoltaic system at 44% 
(261.99 baht) and 56% (337.92 baht) is from EGAT.  
 
Fig. 17 The ratio of total money for spend to another building and EGAT 
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For the electricity price calculation, this method is suitable for photovoltaic performance unit that costs 3 baht 
per unit (same cost as electricity from EGAT).  If the cost of photovoltaic performance is more than 3 baht, then the 
meter for the demand and supply should be separated.  Based on the cost competiveness, the power generated from 
photovoltaic systems should be sold to EGAT before using the method of load balancing algorithm.  
4. Conclusion 
In conclusion, the load balancing algorithm was able to demonstrate that each building can exchange power with 
each other.  The building can purchase power or sell power to the nearby building.  The algorithm is designed in the 
format that the power will be exchanged between the buildings first.  Then, when higher load demand is required, 
the power will be from the external source such as the existing utility grid.  However, in the case that excess power 
is produced from the photovoltaic system, the buildings can sell the power to the existing utility grid.  Therefore, the 
simulation can generate the report that indicated the net present value for all buildings; the power exchange between 
renewable energy and existing utility grid; detail of electricity bill for individual and the overall buildings; and the 
ratio of total power demand and supply.  In the future, this algorithm could be applied for power management to 
increase the energy efficiency and energy conservation for households, buildings, and offices. 
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